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cylinder 8 under control of a steering valve 2 responsive
to drive rotation of the vehicle steering wheel. The oil
flow synchronizes the angle of rotation of the steering -
wheel with the angle of the lock of the wheels being
steered. In hydrostatic systems there is a tendency to

[30} Foreign Application Priority Data pressure oscillations. In the present invention these
Jan. 20, 1988 [DE] Fed. Rep. of Germany ....... 3801452 oscillations are minimized without occurring excessive
pressure loss. The arrangement provides an inlet con-
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steering wheels the damping piston 12 releases a flow
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HYDROSTATIC AUXILIARY-POWER STEERING
DEVICE

BACKGROUND OF THE INVENTION

The invention relates to a hydrostatic auxiliary-
power steering device.

In such steering mechanisms, what is involved are
oscillatory systems that tend toward pressure oscillation
without damping measures. These pressure oscillations
are kept stationary even when the operating condition is
unchanged. Pressure oscillations can be eliminated by
various measures, with a result of pressure losses or
with an unfavorable effect on the synchronization char-
acteristics of the steering mechanism. In the same way,
the automatic steering reverse motion can deteriorate.

BRIEF DESCRIPTION OF THE PRIOR ART

In a steering mechanism known from DE-PS 28 07
464, the control slide of the steering valve is shaped in
such a way that the damping effect remains small in the
neutral position of the slide. In that way, the automatic
steering reverse motion is almost unhindered. However,
since a damping effect occurs in the displacement posi-
‘tions of the control slide, the steering reverse motion
can already be hindered very strongly when there is a
relatively small torque at the steering wheel. This is
attributable to the fact that the control slide is shifted by
the torque, with guiding edges forming a restrictor
acting as a damping means. The pressure oil that is
driven out of the steering motor must then flow back
through this restrictor. Furthermore, big losses of pres-
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sure occur at high steering speeds since a large stream of 45

oil has to flow through the restrictor. These pressure
losses simulate a high steering resistance at the metering
pump that is capable of being driven by the steering
wheel, so that, when the steering motor leads with
respect to the steering wheel rotation, no corresponding
reaction of the steering valve can occur to counteract
the disturbance of synchronization.

A steering valve for a hydrostatic steering mecha-
nism also is known from DE-PS 23 34 365 in which
control collars, control grooves and guiding edges
serve the purpose of sealing and throttling the pressure
oil. That steering valve has the task of generating a
certain pressure-regulating characteristic curve. The
pressure oscillations that occur are supposed to be bro-
ken up by a flat ascent of the characteristic curve. A
disadvantage of such a design lies in the fact that not
any degree of flatness at all can be selected for the as-
cent of the characteristic curve. That is only possible
through an enlargement of the steering valve piston
stroke, as a result of which the steering precision deteri-
orates. Since the steering mechanisms in question are
frequently supplied with a stream of pressure oil whose
- height changes with the rate of rotation of the pump,
the desired flat ascent is automatically possible only for
a certain working point of the apparatus.

Therefore it 1s the object of the invention to provide
a damping device for a hydrostatic steering mechanism
that does not generate high pressure losses or influence
the steering mechanism’s synchronization characteris-
tics disadvantageously. Furthermore, the suggested
damping 1s intended to be effective at any working
point of the steering mechanism.
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2
SUMMARY OF THE INVENTION

According to the invention, a damping valve is pro-
vided for the hydrostatic steering mechanism in the
intake conduit. A piston valve of the damping valve
blocks a branch conduit leading from the intake conduit
to the metering pump in its midposition centered by the
biasing forces of a sparing. When pressure is applied as
a result of adjusting movement of the steering valve, a
flow cross-section to the metering pump’s branch con-
duit opens at the piston valve. By this arrangement,
only a delayed development in the branch conduit of a
quick change of pressure in the intake conduit when
there 1s a pickup of volume in the metering pump is
possible. As a result, oscillations in the steering mecha-
nism can be reliably dampened. If pressure fluctuations
take place without rotational movements at the steering
wheel, the damping is infinitely high since the piston
valve remains in the blocked mid-position indepen-
dently of the average absolute pressure in the intake
conduit, and thus separates the intake conduit from the
branch conduit. Location of the damping valve in the
intake conduit to the steering valve has the additional
advantage that the latter only has to be present once for
both steering directions.

For pressure activation, a spring chamber is located
at each side of the damping piston’s face, with one of the
chambers being connected with the intake conduit and
the other chamber with the branch conduit leading to
the metering pump. One of the two connections con-
tains an impedance, whereby sudden displacement of
the damping piston is avoided. A nonreturn valve is
located parallel to that impedance, so that a rapid ex-
change of o1l from the corresponding chamber is possi-
ble when there is a movement of the damping piston.

In a further embodiment of the invention, the flow
cross-section from the intake conduit to the branch
conduit 1s through a controllable groove and an axial
drilled hole in the damping piston. In that case, the flow
cross-section from the power-steering pump to the me-
tering pump that 1s unblocked by the damping piston is
gradually enlarged with the displacement movement.
Therefore, an opening of the damping valve in the di-
rection of flow of the pressure oil from the intake con-
duit to the branch conduit of the metering pump only
takes place after a delay.

Furthermore, the damping piston can be designed in
such a way that it takes over an additional function for
the automatic steering reverse motion. In that case, the
pressure in the branch conduit is higher than in the
intake conduit and the damping piston is displaced in
the direction opposite to the direction of the opening.
Consequently, another controllable groove connected
with the axial bore in the damping piston is provided
that is capable of being connected with the intake con-
duit, whereby oil pushed out by the steering motor
through the metering pump can flow to the reservoir
through the steering valve, which is in the neutral posi-
tion.

BRIEF DESCRIPTION OF THE FIGURES

Further details regarding the invention are explained
more completely with the assistance of the drawings, in
which: |

FIG. 1is a hydraulic circuit diagram-of a hydrostatic
steering mechanism according to the state of the art in
an excursion position of the steering valve;



3
FIG. 2 1s a diagrammatic representation of a damping
valve according to the invention; and
FIG. 3 is a sectional view of a hydrostatic steering
mechanism with the damping valve.

DETAILED DESCRIPTION

The problem on which the invention is based can be
made clear by the state of art of FIG. 1. The diagram-
matic view shows an HL hydrostatic steering mecha-
~ nism in an excursion position because it is more easily
understandable. For reasons of simplification, a steering
valve 2 is drawn as an adjustment orifice or throttle.
The flow of o1l of a power-steering pump 1 is throttled
at the steering valve 2 with increasing activation mo-
 ment at a steering wheel 3. As a result, the pressure in an
intake conduit 4 between the power-steering pump 1
and the steering valve 2 increases. A conduit 6 leading
to an intake side of the metering pump § is connected
with the intake conduit 4. A discharge side of the meter-
ing pump $ is connected with a pressure chamber 8A of
a steering motor 8 by a conduit 7. The other pressure
chamber 8B is connected with a reservoir 10 by a con-
duit 9. Changes in pressure at the steering valve 2, even
without corresponding piston movements in the steer-
ing motor 8, result in small movements of the metering
~ pump 3 through elasticities in the pressure chambers 8A

and 8B and in the conduit 7. Through a mechanical
connection 11, these movements, in turn, influence the
sectional area of flow at the steering valve 2. A system
capable of oscillating comes into being in this way.

Corresponding to the movement of the metering pump-

5, a flow of pressure o0il is moved back and forth in the
conduits 6 and 7. In a similar way, pressure fluctuations
can also develop during a steering process. When that is
the case, torsional oscillations override the rotation of
the metering pump 5—that is, the flow of pressure oil in
the conduits 6 and 7 increases. Since changes of flow
occur simultaneously in the conduits 6 and 7 when there
are pressure fluctuations, a damping effect could be
obtained by installing nonreturn valves. However, if
“such a step were taken, the fact that a nonreturn valve
does not have a damping effect when the change of
flow of pressure oil is increasing would be disadvanta-
geous, and the automatic return steering motion would
be stopped. In the case of automatic steering reverse
motion, the pressure oil pushed out by the steering
motor 8 must be able to flow back through the conduit
7 to the metering pump § and from there through the
condwmt 6 and the steering valve 2 to the reservoir 10.
If fixed restrictors were installed in the conduits 6 and
7 for damping purposes, oscillations when pressure oil
flows are changing and when they are increasing could
be stopped. However, doing so would be unfavorable
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pressure 1s applied at the steering valve 2 by rotating the
steering wheel 3, that pressure also acts in the conduit 6
connected with the power-steering pump 1. Through an
orifice 15, that pressure is on the left face of the damp-
ing piston 12. The right face of the damping piston 12 is
connected with a conduit 6A leading to the metering
pump 3. The pressure applied to the left face moves the
damping piston 12 to the right, so that the conduits 6
and 6A are connected with each other. The speed at
which the damping piston 12 is moved to the right
determines the size of the orifice 18. The speed at which
the flow cross-section between the conduits 6 and 6A
increases can be determined by the shape of the guiding
edges that correspond with each other. In this way,

‘rapid changes of pressure in the conduit 6A leading to

the metering pump § when steering movements are
made can be reduced. Pressure fluctuations that occur
when steering movements are made and generate an
increasing flow of oil in the conduit 6 can also be cush-
ioned since the connecting cross-section of the conduits
6 and 6A is only enlarged after a delay. A rapid increase
of flow in the conduit 6 is throttled temporarily in that
way. Thus the damping also functions in the case. of
dynamic processes.

In static operating conditions, the loss of pressure at
the damping valve 16 is slight because only a differential
pressure that corresponds to the power of the spring
divided by the damping piston cross-section is required
to move the piston valve 12 to the right. Another in-
crease of the damping effect can be obtained by a nonre-
turn valve 19 installed parallel to the orifice 15. That
nonreturn valve allows the damping piston 12 to'move
quickly to the left when there is a dynamic subsidence
of the flow of 0il in the conduit 6. The connecting cross-
section between the conduits 6 and 6A then closes very
quickly to a value suited to the smallest momentary
flow. If the oil flow in the conduit 6 is then increased,
the full damping effect ensues.

When there is an automatic return of the turned
wheels to the straight-ahead-travel position, the oil

- flows into the conduit 6A in the opposite direction—-
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because the entire flow of pressure oil would have to

flow to the steering motor 8 through the restrictors.
This flow of pressure oil behaves proportionally to the
speed of rotation of the steering wheel. Therefore it can
fluctuate through a broad range between zero and a

33

maximum flow. If the restrictors in the conduits 6 and 7

that are selected are so small that a good damping effect
results, a large loss of pressure comes into being at maxi-
mum steering speed. o

FIG. 2 makes it clear that, according to the invention,
a damping valve 16 is inserted in the conduit 6. The
damping valve 16 includes a damping piston 12 acting
as a pressure regulator and springs 13 and 14 which hold
the piston in a middle or neutral position. In that mid-
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position, the damping piston shuts off the conduit 6. If a

that is, on the side of the spring 14. The damping piston
12 then moves to the left out of the mid-position indi-
cated in the drawing. As a result, an unthrottled con-
nection of the conduit 6a with the conduit 6 is possible.
‘This process is explained in greater detail below in con-
nection with FIG. 3.

FIG. 3 shows an installation of the damping valve of
the invention in a hydrostatic steering device. The ref-
erence numbers already allocated in FIGS. 1 and 2 are
used again in FIG. 3. Such steering devices, up to the
damping valve 16, are generally known, so that the
following description provides only a rough, general
view,

A steering shaft 17 fastened to a steering wheel is
connected with a rotor 21 by a centering element 18 and
a universal-joint shaft 20. The rotor 21, together with a
stator 22, forms the metering pump 5. A pin 23 connects
a steering valve piston 24 of the steering valve with the
untversal-joint shaft 20. The steering shaft 17 can per-
form a relative rotation through the centering element
18 in both directions of rotation with respect to the
universal-joint shaft 20 and the piston valve 24. In that
connection, the centering element 18 is constructed so
that it brings the steering shaft 17 and the universal-joint
shaft 20 up to each other in a specific position without
the influence of external forces. The piston valve 24 has
a thread 235 that slides in a corresponding groove in the
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steering shaft 17. If one rotates the steering shaft 17 at
the steering wheel relative to the piston valve 24, the
latter is moved axially into a housing 26. With the help
of arms and grooves in housing 9 and at the piston valve
24, its adjustment displacement is used to change the
direction of the flow of pressure oil in accordance with
the direction of rotation of the steering wheel and to
apply the pressure that is required for steering. The
flow from the power-steering pump 1 is from the intake
conduit 4 into an annular groove 27. In the neutral
position of the steering valve 2 formed by the housing
26 and the piston valve 24 shown in the drawing, the
pressure o1l flows through annular grooves 28 and 29
and a return conduit 30 to the reservoir 10. The steering
motor 8 is connected with two other annular grooves 31
and 32. The metering pump 5 is connected with axial
grooves 33 and 34. If the piston valve 24 is moved when
a steering movement takes place—to the left, for exam-
ple—the downflow cross-section between the annular
groove 27 and the annular grooves 28 and 29 is reduced
by the arms. As a result, the pressure in the intake con-
duit 4 increases. At the same time, enlarged chambers of
the metering pump 5 connected with the axial groove
33 are connected with an annulus 35. Chambers of the
metering pump 5 pushing pressure oil out are connected
with the annular groove 32 by the axial groove 34, so
that the pressure oil can flow to the pressure chamber
8A of the steering motor 8. The annular groove 31, with
which the other pressure chamber 8B of the steering
motor 8 1s connected, is connected with the annular
groove 28 and with the reservoir 10 by the return con-
duit 30. Consequently, the piston of the steering motor
8 moves to the left.

The annulus 35 is connected with another annulus 36
by slits running past the centering element 18 and the
steering shaft 17. This annulus 36 is connected with a
branch conduit 6 that leads to a chamber 38 on the face
of the damping piston 12. A front-side chamber 37 lo-
cated opposite it is connected with the intake conduit 4
by the orifice 15 and the nonreturn valve 19. In the two
chambers 37 and 38 are the springs 13 and 14 that hold
the damping piston 12 in its neutral mid-position. The
Intake conduit 4 leading from the power-steering pump
1 to the annular groove 27 is connected with an annular
groove 39 of the damping valve 16. In the damping
piston 12 there is a groove 40 that works with the annu-
lar groove 39. The groove 40 is connected with the
conduit 6, which is referred to as a branch conduit 6 in
the descriptions and is capable of being connected with
the intake conduit 4 by a short radial bore 43 and an
axial bore 42. In the mid-position shown in the drawing,
the damping piston 12 blocks the intake conduit 4.

If the pressure in the intake conduit 4 is increased by
movement of the piston valve 24, that pressure acts on
the left face, via the chamber 37 of the damping piston
12. If the metering pump 5 picks up pressure oil, the
damping piston 12 is moved to the right. Connection of
the annular groove 39 with the groove 40 occurs. The
damping piston 12 is moved to the right until the drop
in pressure between the annular groove 39 and the
groove 40 corresponds to the power of the spring 13
divided by the cross-sectional area of the damping pis-
ton 12. Since the pressure oil has to flow through the
orifice 15, the movement of the damping piston 12 is
more or less strongly delayed, depending upon the
cross-section of the orifice. As a result, a connection
between the power-steering pump 10 and the metering
pump S gradually takes place when there is a rapid
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Increase in pressure in the intake conduit 4. If the damp-
ing piston 12 is designed with a guiding edge at groove
40 so that its filtering cross-section increases slowly
with the displacement movement to the right, a piston
stroke S1 corresponds to a flow Q1 from the intake
conduit 4 to the branch conduit 6, starting from the
mid-position, and a path S2 clearly differing from the
piston stroke S1 corresponds to a stream Q2. If, in that
situation, fluctuations of pressure in the intake conduit 4
take place, to which the metering pump § reacts with
varying flow pickup, a reaction of the metering pump 5
to an Increasing pressure in the intake conduit 4 can
only take place as an attenuated reaction because the
cross-section of the opening for the flow of oil is en-
larged only gradually by the delayed movement of the
damping piston 12 to the right. The use of the orifice 15
in combination with the specially designed guiding edge
on the groove 40 permits a varying of the damping
effect within broad limits.

Thus the regulator circuit comprising the steering
valve piston 24 and the metering pump 5 contains a
damping device that is effective when there is a dy-
namic increase in pressure in the intake conduit 4 and
flow fluctuations resulting therefrom. Since an in-
creased throttling of the flow of oil from the intake
conduit 4 to the branch conduit 6 only occurs briefly,
the static losses of pressure of the damping device re-
main small. The damping effect can be further im-
proved by the nonreturn valve 19 that is installed paral-
lel to the orifice 15. The nonreturn valve 19 makes a
rapid movement of the damping piston 12 to the left
possible when the flow of pressure oil to the metering
pump 3 1s subsiding. As a result, the damping effect is
immediately present again when there is a subsequent
increase in the stream.

Since the steering motor 8 in the embodiment shown
in FIG. 3 is not blocked in the neutral position of the
steering valve 2, the turned wheels return automatically
to their straight-ahead-travel position. For that reason,
another groove 41 that is also connected with the axial
bore 42 by a radial bore 44 is needed in the damping
piston 12. The steering motor 8 drives the metering
pump S by the backward movement. Since the torques
at the steering wheel retain their direction, as they do
when rounding curves, in spite of the fact that the
wheels are running backward, the position of the piston
valve 24 does not change. However, the flows of pres-
sure oil through the steering valve 2 change their direc-
tion—that is, pressure oil from the branch conduit 6
must be able to flow to the intake conduit 4. Since the
pressure in the branch conduit 6 is greater in this case
than in the intake conduit 4, the damping piston 12 is
moved to the left. The nonreturn valve 19 permits this
movement. As a result of the fact that the groove 41
connects with the groove 39, an unthrottled flow from
the branch conduit 6 to the intake conduit 4, and
thereby also to the tank 10, can be established quickly.
No damping is required in this process.

To avoid or minimize pressure peaks when there are
rapid steering procedures, it can be advantageous to
provide a close connection—such as by providing a
bore 45—already in the mid-position of the damping
piston 12, between the intake conduit 4 and the branch
conduit 6. If the connection selected is so small that
oscillations can be prevented by its strong throttling
action, that throttling action is not disadvantageous for
the damping characteristics of the damping valve 11.

We claim:
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1. In a hydrostatic auxiliary-power steering device

including a power-steering pump for delivering a flow
of pressure oil to an intake conduit, a steering motor
connected with the intake conduit by a steering valve
that 1s adjustable by rotation of a steering wheel and a
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metering pump that is driven by rotation of the steering

wheel, and a branch conduit leading to the metering
pump and connected with the intake conduit,
the improvement which comprises
a damping valve (16) arranged in said intake conduit
(4), said damping valve including

10

(a) a piston (12) shiftable between a neutral middle

posrt:on and operating positions; and
(b) spring means (13, 14) for biasing said piston
toward its neutral position, said piston blocking the
branch conduit (6) when in the neutral position and
opening a flow cross-section from the intake con-
~duit to the branch conduit of the metering pump (5)

- when in an operating position.

2. A hydrostatlc auxiliary-power steering dewce as
defined in claim 1, wherein the flow cross section from
the intake conduit to the branch conduit is defined by a
controllable groove (40) in said piston that is connected
with an axial drilled bore (42).

3. A hydrostatic auxiliary-power steering device ac-
cording to claim 1, wherein the flow cross section from
the power-steering pump to the metering pump that is
unblocked by the piston gradually increases with dis-
placement of the piston. |

4. A hydrostatic auxiliary-power steering device as

15
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defined in claim 1, wherein said piston includes a second

controliable groove (41) that is connected with the axial
bore (42) when said piston is shifted to the left.

5. In a hydrostatic auxiliary-power steering device
including a power-steering pump for delivering a flow
of pressure oil to an intake conduit, a steering motor
connected with the intake conduit by a steering valve
that is adjustable by rotation of a steering wheel and 2
- metering pump that is driven by rotation of the steering
wheel, and a branch conduit leading to the metering
pump and connected with the intake conduit,

the improvement which comprises

35

a damping valve (16) arranged in said intake conduit

(4), said damping valve including
(a) a piston (12) shiftable between a neutral middle
position and operating positions;
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(b) a pair of chambers (37, 38) arranged at opposite
ends of said piston, one of said chambers being
connected with the intake conduit and the other of
said chambers being connected with the branch
conduit (6); and

(c) spring means (13, 14) arranged in said chambers
for biasing said piston toward its neutral position,
said piston blocking the branch conduit when in
the neutral position and opening a flow cross-sec-
tion from the intake conduit to the branch conduit
of the metering pump (§) when in an operating
position.

6. A hydrostatic auxiliary-power steering device as
defined in claim §, wherein said one chamber is con-
nected with the intake conduit via an orifice (15).

7. A hydrostatic auxiliary-power steering device as
defined in claim 6, wherein a nonreturn valve (19) is
connected is paralle] with said orifice.

‘8. A hydrostatic auxiliary-power steering device as
defined in claim 5, wherein said other chamber is con-
nected with the branch conduit via an orifice (15).

9. A hydrostatic auxiliary-power steering device as
defined in claim 8, wherein a nonreturn valve (19) is
connected in parallel with said orifice.

10. In a hydrostatic auxiliary-power steering device

mcluding a power-steering pump for delivering a flow

of pressure oil to an intake conduit, a steering motor
connected with the intake conduit by a steering valve
that 1s adjustable by rotation of a steering wheel and a
metering pump that is driven by rotation of the steering
wheel, and a branch conduit leading to the metering
pump and connected with the intake conduit,
the improvement which comprises
a damping valve (16) arranged in said intake conduit
(4), said damping valve including;
(a) a piston (12) shiftable between a neutral middle
position and operating positions;
(b) spring means (13, 14) for biasing said piston
‘toward 1ts neutral position, said piston normally
blocking the branch conduit (6) when in the neutral
position and opening a flow cross-section from the
intake conduit to the branch conduit of the meter-
ing pump (5) when in an operating position; and
(c) said piston containing a narrow bore (45) between
the intake conduit and the branch conduit when the

piston is in the neutral position.
% % ¥ % %
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